Growth stimulatory precipitates of Ca2+ and pyrophosphate.
Inorganic pyrophosphate (PPi) forms an insoluble precipitate with calcium in growth medium when its concentration exceeds about 0.1 mM. This PPi precipitate can reproduce the effects of 10% calf serum on all cell processes examined in Balb/c 3T3 cells, including hexose uptake and metabolism to lactate, 3H-uridine, and 3H-choline uptake, and the incorporation of 3H-leucine and 3H-thymidine into trichloroacetic acid (TCA)-insoluble material. Concentrations of PPi insufficient to form a precipitate are without effect on cell metabolism. The precipitates are most effective when prepared with concentrations of PPi just sufficient to result in precipitate formation and become considerably less effective as the PPi concentration increases, even though the quantity of precipitate formed continues to increase with PPi concentration up to 1 mM PPi. Precipitates formed at low PPi concentrations consist largely of Ca2+ (81% of cations), PPi (77% of anions), and Pi (23% of anions). Precipitates formed with higher concentrations of PPi contain proportionately less Ca2+ and Pi and more monovalent cations and PPi. We have distinguished cell surface-bound PPi from intracellular PPi by differential extraction. The quantity of surface-bound PPi increases sharply when the PPi concentration reaches the point of precipitate formation. If the precipitate is prevented from binding to the cell surface by inverting monolayer cultures in precipitate-containing medium, the cells are not stimulated. These findings suggest that the binding of PPi precipitate to the cell surface is involved in the stimulation of cell metabolism by PPi. PPi precipitates do not absorb serum mitogens or inhibitors from the culture medium, nor do they affect the binding of 125I-platelet-derived growth factor to its specific cell-surface receptor, suggesting that PPi precipitates do not act directly through either of these mitogen-receptor systems. In analogy to cell stimulation by epidermal growth factor and by antigens, we suggest that PPi may be active only in the form of a precipitate because multivalent binding of receptors with formation of clusters is required for stimulation. The inhibitory effects of high concentrations of PPi may be due to interference by free PPi with formation of active receptor clusters.